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(54) PLASTIC OPTICAL COMPONENT HAVING A REFLECTION PREVENTION FILM AND 
MECHANISM FOR MAKING REFLECTION PREVENTION FILM THICKNESS UNIFORM 



(57) Plastic optical devices in which an anttreflec- 
tion film (13) is coated on the surface of a plastic base 
material (10). The antireflection film (13) is a multi-lay- 
ered film which is formed by depositing a first layer (131 ) 
on the side of the plastic base material substantially by 
a high-refractive material and the next layer (132) by a 
low-refractive material, and by alternately laminating 
those high-refractive materials and low- refractive mate- 
rials. The surface of the optical lens base material (10) 
has curvature and a plurality of the optical lens base 
materials (10) are disposed horizontally at the positions 
of concentric circles in a circular plate holder (26) which 
is placed horizontally and is rotatable. A sputtering film 
deposition system comprises targets (31) facing to the 
surfaces of the optical lens base materials (10). Thick- 
ness correcting plates function as mask members (51, 
52) for regulating the difference of film thickness dis- 
posed in the direction connecting the peripheral part 
and the center part in the holder and between the tar- 
gets (31) and the holder (26). 
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Description 

Technical Field 

[0001] The present invention relates to a technology 5 
for depositing an antireflection film whose film perform- 
ance is highly evaluated on the surface of plastic optical 
devices by means of a sputtering method, to a technol- 
ogy for preventing cracks from occurring on the antire- 
flection film when the plastic optical devices are used as io 
a spectacles plastic lens and to a technology for equal- 
izing the thickness of the thin film deposited by means 
of the sputtering method. 

Background Art is 

[0002] Plastics are often used as a material of specta- 
cles lenses lately from the aspect of being light and 
excellent in shock resistance. Antireflection films are 
coated on both surfaces of the spectacles plastic lens. 20 
The antireflection film is provided to prevent surface 
reflection on the spectacles plastic lens because the 
surface reflection causes, when it occurs, the drop of 
light transmittance in the optical system, the increase of 
light which will not contribute in forming an image and 25 
the drop of contrast of the image. The antireflection film 
of the spectacles plastic lens has been conventionally 
formed as a single-layer film or a multi-layered film \ 
mainly by means of a vacuum evaporation method. 
[0003] Presently, hig'niy productive methods and sys- 30 
terns for forming the antireflection film on an optical lens 
such as the spectacles plastic lens by the simple 
arrangement utilizing, the sputtering method are being 
proposed. The sputtering film deposition system is pro- 
vided with a sputtering film deposition chamber which 35 
allows different thin films to be fabricated by exchanging 
targets in a vacuum container for the chamber. The 
sputtering system allows a multi-layered antireflection 
film to be deposited on the surface of the spectacles 
plastic lens without exposing it to the atmosphere. It 40 
also allows the films to be deposited on the both sides 
of the spectacles plastic lens at the same time. The 
sputtering film deposition system has a merit that it can 
form the homogeneous films on the both sides of the 
lens because it can form the films on the both sides*of 45 
the lens at the same time and film forming conditions 
are the same on the both sides of the lens. Further, 
when a multi-layered film is deposited on the surface of 
the lens and further the film is formed by laminating two 
kinds of films having different qualities repeatedly and so 
alternately, for example, high-refractive materials and 
low-refractive materials the sputtering film deposition 
system has merits that it can form the multi-layered film 
readily and can control the thickness of each layer accu- 
rately because it just needs to prepare two targets cor- ss 
responding to the material of each film within the 
sputtering film deposition chamber and to sputter by 
exchanging the targets. The antireflection film having 



highly evaluated film performance may be formed by 
accurately controlling the thickness of each layer. 
[0004] Then, as for the antireflection film of the plastic 
optical devices such as the spectacles plastic lens fabri- 
cated by utilizing the aforementioned new film forming 
method and system utilizing sputtering, it becomes pos- 
sible to propose the antireflection film having the new 
multi-layered structure and highly evaluated film per- 
formance. 

[0005] An interference color is an important evaluation 
item in the evaluation of the film performance of the 
spectacles lens. The interference color is a color caused 
by interference of white light, and in case of the specta- 
cles plastic lens on which the multi-layered antireflection 
film is formed, it is a color of reflected light caused by 
interference when the transparent thin films having dif- 
ferent refractive indices are coated on the surface of the 
lens. The interference colors of the commercially availa- 
ble lens coated with the antireflection film are divided 
roughly into three colors of bluish, purplish and greenish 
colors in general. Although the greenish interference 
color, among them, excels eye-physiologically and aes- 
thetically and in terms of commercial value in particular, 
the technology for stably giving this interference color 
has not been established yet because there have been 
various technological problems in terms of the selection 
of raw materials of the film, of setting of the thickness of 
the film, of the film forming conditions and others. How- 
ever, the use of the above-mentioned sputtering method 
may aiiow this problem to be solved. 
[0006] There has been another problem that when the 
high-refractive material is formed as the first layer of the 
antireflection film on the spectacles plastic base mate- 
rial which is an organic substance, the balance of stress 
at the interface changes due to water absorption (mois- 
ture absorption) and to pressure applied from the out- 
side with an elapse of time and the antireflection film is 
liable to crack from the interface. For instance, when the 
spectacles plastic lens on which the multi-layered 
antireflection film, in which the high -refractive material is 
formed as the first layer, is fitted into an spectacles 
frame while it is squeezed by considerably strong force 
and is further caused to absorb water, there is a case 
when the spectacles plastic lens cracks from the edge 
portion thereof. The occurrence of cracks drops its com- 
mercial value as an spectacles lens. Accordingly, it has 
been required to think of measures for preventing the 
occurrence of cracks. 

[0007] In depositing the film on the optical lens by the 
sputtering method presently proposed, normally a plu- 
rality of lens base materials (in unit of lot) are set on a 
circular plate holder (substrate holder or a lens tray) and 
the film depositing process is carried out per lot while 
turning the holder. While it is considered that the thick- 
ness of the film formed by the sputtering method is well 
distributed, it is required to have more accurate and uni- 
form distribution of thickness in utilizing the sputtering 
method for forming a thin film of the optical lens. More 
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strict uniformity is required with regard to the thickness 
especially when the antiref lection film is to be formed on 
the surface of the optical lens by utilizing the sputtering 
method as described above. When the thickness of the 
antireflection film on the surface of the lens is not uni- 5 
form, its reflection color varies, thus dropping the feeling 
of wearing and using the optical lens and the commer- 
cial value thereof. 

[0008] Furthers, as for the surfaces of the optical lens, 
one surface thereof is formed to be a concave surface ic 
and the other surface to be a convex surface, having 
curvatures, respectively. According to the method of 
forming the antireflection film on the surfaces of the opti- 
cal lens by utilizing the sputtering method, normally the 
optical lens is disposed horizontally on the holder and is 
upper and lower targets are disposed so as to face to 
the both sides of the optical lens, respectively, to carry 
out the sputtering film deposition on the both sides at 
the same time. However, it is difficult to deposit the films 
on the surfaces so as to have uniform thickness 2c 
because the both sides of the optical lens have the cur- 
vatures peculiar to each and therefore distances 
between the targets facing to the respective surfaces of 
the optical lens and each part on the surfaces are differ- 
ent. 25 
[0009] Accordingly, it is an object of the present inven- 
tion to provide plastic optical devices having an antire- 
flection film whose film performance is highly evaluated 
and having a new multi-layered structure by fabricating 
an dtuii efieciion film by utilizing the sputtering method. 2C 
[001 0] Also, when the above-mentioned plastic optical 
device is to be utilized for a spectacles plastic lens, it is 
arranged so as to give a greenish interference color sta- 
bly on the lens to form the antireflection film which 
excels eye-physiologically and aesthetically and is 35 
highly valuable commercially. 

[0011] Another object of the present invention is to 
provide a spectacles plastic lens having an antireflec- 
tion film which is arranged so as to prevent occurrence 
of cracks by improving the surface of the plastic base 4C 
material, when forming the multi-layered antireflection 
film on the spectacles plastic base material which is an 
organic substance by depositing a high-refractive mate- 
rial as a first layer. 

[0012] A further object of the present invention is to 45 
provide a mechanism which can uniform distribution of 
thickness of a film on the surface of the optical lens base 
material in forming the film thereon by the sputtering 
method. 

50 

Disclosure of Invention 

[0013] Plastic optical devices of the present invention 
are plastic optical devices in which an antireflection film 
is coated at least on one surface of a plastic base mate- 55 
rial. The antireflection film is a multi-layered film formed 
by depositing a first layer on the side of the plastic base 
material substantially by a high-refractive material and 
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the next layer by a low-refractive material and by alter- 
nately laminating those high-refractive materials and 
• low-refractive materials. The antireflection film is formed 
so as to have a dominant wavelength range of 480 to 
550 nm, an excitation purity range of 1 0 to 30 % and 
luminous reflectance of 0.7 to 1 .8 % and so as to have 
a greenish interference color. Because the multi-layered 
antireflection film is designed and fabricated so as to 
have the greenish interference color in the plastic opti- 
cal devices, a lens which is excellent eye-physiologically 
and aesthetically and is highly valuable commercially 
may be realized when the above-mentioned plastic opti- 
cal devices is used as an spectacles plastic lens. 
[0014] Further, in the plastic optical devices of the 
present invention, the antireflection film is formed as a 
multi-layered film by depositing a first layer on the side 
of the plastic base material substantially by the high- 
refractive material and the next layer by the low-refrac- 
tive material and by alternately laminating those high- 
refractive materials and low-refractive materials; and 
the thickness of the low-refractive material positioned in 
the intermediate area of the multi-layered film is rela- 
tively thickened so that required hardness and durability 
as the antireflection film can be obtained. The above- 
mentioned antireflection film is formed by depositing the 
first layer by the high-refractive film and the second 
layer by the low-refractive film and by depositing the 
high-refractive films and low-refractive films alternately. 
The thin film of each layer forming the antireflection film 
is controlled adequately so that the thickness and qual- 
ity of the film satisfy desirable conditions. As a result, 
the antireflection film having the high film performance 
may be realized. The desirable antireflection film may 
be fabricated readily in view of also film designing. The 
film performance such as the hardness and durability 
may be enhanced by increasing the thickness of the 
low-refractive film positioned at the intermediate area as 
the antireflection film applied to the plastic base mate- 
rial. 

[001 5] In the above-mentioned plastic optical devices, 
preferably the high-refractive material is metal oxide 
formed by a sputtering process by using a target made 
from any one of zirconium (Zr), titanium (Ti) and tanta- 
lum (Ta) or from alloys of two or more of those and the 
low-refractive material is metal oxide formed by a sput- 
tering process by using a target of silicon (Si). More 
preferably, the target of the high-refractive material is 
made so as to contain Si. Thereby, the high-refractive 
film is formed to contain Si and the hardness and dura- 
bility of the film may be improved. Preferably, in forming 
the high-refractive material, a target of Si is provided 
beside the target of the high -refractive material to form 
the high-refractive material as a mixed film by sputtering 
the two kinds of targets in the same time. The hardness 
and the like of the film may be improved also in this case 
by containing Si within the high-refractive film. 
[001 6] In the plastic optical devices described above, 
the total thickness of the antireflection film is within the 
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range of 4800 to 5800 angstrom and the total thickness 
of the low-refractive materials therein is 3500 angstrom 
or more. When the plastic base material has curvature, 
the antireflection film is formed as a wide band film. 
Thereby, it is possible to reduce non-uniformity of inter- 
ference color caused by a difference of distribution of 
thickness dependent on the curvature in depositing the 
film by the sputtering and change of the interference 
color caused by oblique incidence. It is preferable that 
the plastic base material is applied to be a base material 
of an spectacles plastic lens and the antireflection film 
having the multi-layered structure is formed on the both 
sides of the plastic base material. Further preferably, the 
antireflection film is composed of ten layers and the 
thickness of the low- refractive material at the sixth layer 
positioned at the middle is increased. 
[0017] The spectacles plastic lens of the present 
invention is one example of the above-mentioned plastic 
optical devices, and the antireflection film is formed on 
the plastic base material by using the sputtering 
method, which is a multi-layered film formed by deposit- 
ing a first layer on the side of the plastic base material 
by a high-refractive material and the next layer by a low- 
refractive material and by alternately laminating those 
high-refractive materials and low-refractive materials,. 
and further a super-thin film of SiO< 2 - X ) is. formed as a 
pre-treatment layer on the plastic base material. 
Because the super-thin film as the pre-treatment layer is 
provided between the high-refractive film at the first 
layer ot tne antireflection film having me muiti-iayered 
structure and the plastic base material, the pre-treat- 
ment layer can prevent cracks from occurring in the 
antireflection film. 

[001 8] Preferably, the thickness of the super-thin film 
is within the range of 15 to 50 angstrom. 
[0019] Preferably, the high-refractive material is metal 
oxide formed by the sputtering method by using a target 
made from any one of Zr. Ti and Ta or from alloys of two 
or mere of those and the low- refractive material is metal 
oxide formed by the sputtering method by using a target 
of Si also in the spectacles plastic lens. 
[0020] Preferably, the target of the high-refractive 
material is made so as to contain Si also in the specta- 
cles plastic lens. Thereby, the high-refractive film is 
formed to contain Si and the hardness and durability of 
the film may be improved. 

[0021] A target of Si is provided beside the target of 
the high-refractive material in forming the high-refractive 
material to form the high-refractive material as a mixed 
film by sputtering the two kinds of targets in the same 
time also in the spectacles plastic lens. The hardness of 
the film and the like are improved because the high- 
refractive film contains Si also in this case. Preferably, 
the antireflection film is composed of ten layers and the 
thickness of the low- refractive material at the sixth layer 
positioned at the middle is increased also in the specta- 
cles plastic lens. 

[0022] A thickness correcting mechanism for equaliz- 



ing the distribution of thickness of the antireflection film 
is provided in a sputtering system for depositing the 
antireflection film on the surface of the plastic optical 
devices. The thickness correcting mechanism com- 

5 prises a thickness correcting plate for correcting the dif- 
ference of thickness of the thin film when depositing the 
thin film on the surface of the optical lens base material 
by means of the sputtering method. The thickness cor- 
recting plate is disposed at a preferable position 

io between the target and the substrate holder and 
thereby, act so as to reduce or disperse the direct influ- 
ence of the sputtered particles to the optical lens base 
material. Thereby, the difference of thickness of the thin 
f ilm formed on the plurality of optical lens base materials 

rs on the substrate holder is reduced and the uniformity of 
the distribution of the thin film thickness is improved. 
[0023] In the sputtering system in which a plurality of 
optical lens base materials having curvature on the sur- 
face thereof are disposed horizontally on a rotatable cir- 

20 cular plate holder at the positions of concentric circles,, 
and in which targets facing to the surfaces of the optical 
lens base materials are provided, each of the thickness 
correcting plates functions as a mask member for regu- 
lating the difference of film thickness, which is disposed 

25 between each of the targets and the holder in the direc- 
tion from the peripheral edge to the center part of the 
holder. This arrangement allows, as to the large number 
of optical lens base materials disposed on the substrate 
holder at the positions of the three concentric circles for 

j>i/ example, ihe fiii n thickness difference among the optica! 
lens base materials at the different concentric circles to 
be reduced, and the distribution of the film thickness to 
be uniform. It is noted that the thickness correcting plate 
which functions as the mask member is mounted at one 

35 or both of the upper and lower sides of the optical lens 
base material. 

[0024] The targets are composed of upper and lower 
targets facing respectively to the both sides of the opti- 
cal lens base material and the mask members are com- 

40 posed of the mask member for a concave surface 
disposed between the upper target and the substrate 
holder and the mask member for a convex surface dis- 
posed between the lower target and the substrate 
holder. In the mask member for the concave surface, the 

45 size in the circumferential direction of the sections cor- 
responding to the positions where the optical lens base 
materials exist is greater than the size in the circumfer : 
errtial direction of the other sections, and in the mask 
member for the convex surface, the size in the circum- 

so ferential direction of the sections corresponding to the 
boundaries between the optical lens base materials is 
greater than the size in the circumferential direction of 
the other sections. The mask members have also an 
action of interfering particles flying from non-erosion 

55 portions created in the targets. 
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Brief Description of Drawings 
[0025] 

FIG. i is a section view showing the structure of an 
antireflection film according to the present inven- 
tion; 

FIG. 2 is a diagram showing the structure of a sput- 
tering film deposition system for fabricating the 
antireflection film; 

FIG. 3 is a graph showing a spectral reflectance 
curve of the antireflection film; 
FIG. 4 is a section view showing the structure of an 
spectacles plastic lens having a multi-layered 
antireflection film, 

FIGs. 5(A), 5(B) and 5(C) are section views for 
comparing a pre- treated spectacles plastic lens (A), 
an spectacles plastic lens (B) with a pre-treatment 
layer having a thickness out of a predetermined 
range, and an spectacles plastic lens (C) on which 
no pre-treatment has been implemented; 
FIG. 6 is a diagram showing the structure of the 
main part of a sputtering film deposition system to 
which a thickness correcting mechanism is 
attached; 

FIG. 7 is a longitudinal section view showing the 
state of disposition of plastic base materials in a 
substrate holder and the positional relationship 
among the substrate holder, targets and thickness 

correcting plates, 

FIG. 8 is a plan view showing a planar shape of the 

upper thickness correcting plate; 

FIG. 9 is a plan view showing a planar shape of the 

lower thickness correcting plate; and 

FIG. 1 0 is a diagram showing an non-erosion part in 

the target. 

Best Mode for Carrying Out the Invention 

[0026] Preferred embodiments of the present inven- 
tion will be explained below based on the appended 
drawings. 

[0027] An example of spectacles plastic lens will be 
cited as plastic optical devices and an antireflection film 
formed on the both sides of the spectacles plastic lens 
will be explained in the present embodiment. Although 
the spectacles plastic lens is suited most as the optical 
devices on which the antireflection film of the present 
invention is formed, the present invention is not limited 
only to that. 

[0028] FIG. 1 is a diagrammatic section view showing 
a typical example of the structure of the antireflection 
film and FIG. 2 is a structure diagram showing one 
example of a sputtering film deposition system. 
Although the antireflection film is formed on the both 
sides of the lens, FIG. 1 shows the sectional structure of 
the antireflection film of only one side for convenience of 
the explanation. The antireflection film having the simi- 



lar structure is formed also on the other side of the lens. 
[0029] A plastic base material 10 shown in FIG. 1 is a 
base material of the spectacles plastic lens. CR-39 
(diethylene glycol bisallyl carbonate polymer nd = 

5 1 .499) is used for example as the material of the plastic 
base material 10. A hard film 11 is coated on the surface 
of the plastic base material 10 in order to enhance the 
hardness thereof. Organic silicon resin containing col- 
loidal silica for example is used for the hard film 1 1 . The 

10 detail of the composition thereof is described in Japa- 
nese Patent Publication No. Hei. 4-55615 for example.* 
[0030] It is noted that normally the plastic base mate- 
rial of the spectacles plastic lens has curvature and has 
a curved shape. However, FIG. 1 shows it in the form of 

is a flat plate for convenience of explanation. When the 
plastic base material is curved, the film deposited ther- 
eon is curved along the surface of the base material in 
general. 

[0031] The antireflection film 13 to be coated on the 

20 plastic base material 10 is formed on the hard film 11 
because the hard film 11 is coated thereon in the 
present embodiment. As shown in FIG. 1 , the antireflec- 
tion film 13 of the present embodiment is formed as a 
multi -layered film of ten layers for example. Within the 

25 antireflection film 13. a film 131 at the lowermost layer 4 * a 
positioned on the side of the plastic base material 10 is ~ 
a high-refractive film. What is formed next on the high- - r 
refractive film 131 is a low-refractive film 132. Thereat-' - 
ter, films 133 through 140 are formed in serial order **- 

co while repeating the order of the high-rafractive film and 
the low-refractive film alternately. As a result, the films 
131. 133, 135, 137 and 139 of the first, third, fifth, sev- 
enth and ninth layers are laminated as the high-refrac- - 
tive films and the films 132, 134, 136. 138 and 140 of 

35 the second, fourth, sixth, eighth and tenth layers are 
laminated as the low -refractive films, thus forming the^ 
antireflection film 13 having the multi-layered structure. 
The outside of the low-refractive film 140 of the tenth 
layer is atmosphere. 

40 [0032] In case of the present embodiment, the high- 
refractive material constituting the above-mentioned 
high-refractive film is metal oxide Zr0 2 of zirconium (Zr) 
for example and the low-refractive material constituting 
the above-mentioned low- refractive film is metal oxide 

45 Si0 2 of silicon (Si) for example. Beside zirconium, metal 
oxides (Ti0 2 , Ta 2 0 5 and the like) of titanium (Ti) and 
tantalum (Ta) may be used. Further, metal oxide made 
from two or more alloys among zirconium (Zr), titanium 
(Ti) and tantalum (Ta) may be used as the high-refrac- 

so tive material. The high- and low- refractive films are fab- 
ricated by utilizing the sputtering method as described 
later. Therefore, targets of the high- and low-refractive 
materials are prepared. 

[0033] The high-refractive film may be also formed as 
55 a mixed film containing the above-mentioned high- 
refractive material and Si. The performance of the film 
such as the hardness and durability may be improved 
by containing Si within the high-refractive film. Such 
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mixed film may be fabricated by using the following two 
methods for example. The first method is to include Si 
within the target of the high-refractive material. The 
high-refractive film containing Si may be deposited by 
the sputtering process using such target. The second 
method is to provide a target of Si beside the target of 
the high- refractive material. The mixed film may be 
formed by sputtering the target of the high-refractive 
material and that of the Si in the same time. The target 
of Si may be used also as target of the low-refractive 
material. 

[0034] In the antiref lection film 13 having the multi-lay- 
ered structure formed as described above, preferably 
the thickness of the high-refractive and low-refractive 
films of the respective layers is set as follows, where X is 
500 nm (nanometer). 

[0035] The thickness of the high -refractive film of the 
first layer is set so as to be included within the range 
from 0.075 X to 0.085 X, the thickness of the low-refrac- 
tive film of the second layer to be included within the 
range from 0. 11 5 X to 0. 1 30 X, the thickness of the high- 
refractive film of the third layer to be included within the 
range from 0. 1 77 X to 0.1 99 X, the thickness of the low- 
refractive film of the fourth layer to be included within the 
range from 0.101 X. to 0.1 14 X. the thickness of the high- 
refractive film of the fifth layer to be included within the 
range from 0.102 X to 0.1 15 X, the thickness of the low- 
refractive film of the sixth layer to be included within the 
range from 0.471 X to 0.511 X, the thickness of the high- 
reiractive fiirn or the seventh layer to ue inciuded within 
the range from 0.102 a to 0.1 15 X, the thickness of the 
low-refractive film of the eighth layer to be included 
within the range from 0.045 X to 0.060 X. the thickness 
of the high-refractive film of the ninth layer to be 
included within the range from 0.270 X to 0.304 X, and 
the thickness of the low-refractive film of the tenth layer 
to be included within the range from 0.244 X to 0.275 X. 
Within those values, the most preferable value of the 
thickness of each layer is the center value in each 
range. 

[0036] The total thickness of the above-mentioned 
antiref lection film 13 is preferred to be included within 
the range of 4800 to 5800 angstrom and the total thick- 
ness of the low-refractive films therein is preferred to be 
3500 angstrom or more in order to assure the durability 
such as the hardness and abrasion resistance required 
as the antireflection film, the adhesion as a film and oth- 
ers. In case of the present embodiment, the thickness of 
the low-refractive film 1 36 of the sixth layer positioned at 
the intermediate area is thickened as compared to other 
films to achieve the required thickness of the antireflec- 
tion film 13 to satisfy the requirements such as the hard- 
ness and durability. The film positioned at the middle 
among the plurality of low -refractive films is thickened 
based on the reason that such structure is appropriate 
in view of stress and others of the film. 
[0037] It is noted that a number of layers in the antire- 
flection film 13 is not limited to ten as described above. 



While the number of layers in the antireflection fflm hav- 
ing the multi -layered structure is preferred to be less 
from the aspect of production of the film, it is set arbitrar- 
ily in connection with the required film performance. 

5 [0038] The plastic base material of the normal spec- 
tacles plastic lens has curvature and a curved shape as 
described before. When the antireflection film 13 having 
the mufti-layered structure shown in FIG. 1 is to be fab- 
ricated on the curved plastic base material by using the 

10 sputtering method as described later, a difference of 
distribution of thickness is produced depending on the 
curvature of each part of the plastic base material, thus 
causing non-uniformity of the interference color and 
change in the interference color due to oblique inci- 

15 dence. Then, in order to reduce such troubles, it is pre- 
ferred to design the antireflection film 1 3 as a film having 
a wide band characteristic. 

[0039] Next, one example of a system for fabricating 
the antireflection film 1 3 described above by utilizing the 

20 sputtering method and a fabrication process will be 
explained in outline with reference to FIG. 2. FIG. 2 
shows a longitudinal section view of the main part of the 
sputtering film deposition system. This sputtering film 
deposition system is capable of depositing the anttre- 

25 .flection films 13 having the multi-layered structure on 
the both sides of the plastic base material 10 in the 
same time. 

[0040] The sputtering film deposition system may be 
roughly divided into an introducing chamber 21 for car- 

oo fying in an object (o be processed, a vacuum process- 
ing chamber (sputtering film deposition chamber) 22 for 
depositing the high-refractive films and low-refractive 
films alternately on the both sides of the plastic base 
material 10 and a preliminary processing chamber 23: 

35 The introducing chamber 21, the vacuum processing 
chamber 22 and the preliminary processing chamber 23 . 
are parted by gate valves 24 and 25. The gate valves 24 
and 25 are opened/closed at appropriate timing in car- 
rying inVout the object. 

40 [0041] A substrate. holder 25 carried into the inside of 
the sputtering film deposition system via the introducing 
chamber 21 is set within the vacuum processing cham- 
ber 22 via the gate valve 24. It is noted that a carriage 
mechanism for transporting the substrate holder 26 is 

45 not shown in FIG. 2. The substrate holder 26 has a 
shape of a disc for example. A large number of base 
material holding holes 26a are formed in the substrate 
holder 26. The plastic base materials 10 used for the 
spectacles plastic lenses are disposed in those holes 

so 26a. Because the base material holding holes 26a are 
opened to the upper and lower sides, the plastic base 
materials. 10 held by the base material holding holes 
26a face to the spaces above and under the substrate 
holder 26. As a result, the above-mentioned antireflec- 

55 tion films 13 may be formed on the both sides of the 
plastic base material 10 by the sputtering method. 
[0042] The sputtering film deposition process in the 
vacuum processing chamber 22 comprises a sputtering 
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step for depositing a metallic thin film and a transform- 
ing step for transforming the metallic thin film deposited 
in the sputtering step into an oxide thin film. Therefore, 
the vacuum processing chamber 22 is provided with a 
sputtering step area 22A and a transforming step area 
22B in constructing the system. 

[0043] The substrate holder 26 is disposed horizon- 
tally by supporting the center thereof with upper and 
lower supporting members 27 and 28 within the vacuum 
processing chamber 22. The upper and lower support- 
ing members 27 and 28 are driven vertically by a 
hydraulic cylinder or the like not shown and can be 
freely rotated by a motor rotating mechanism built 
therein. The substrate holder 26 is rotated at predeter- 
mined speed by the rotating operation of the upper and 
lower supporting members 27 and 28 in depositing the 
a nti reflection film 13 on the plastic base material 10. 
Accordingly, while the large number of plastic base 
materials 10 disposed on the substrate holder 26 pass 
through the sputtering step area 22A and the transform- 
ing step area 22B, the plastic base materials 10 are 
processed by the sputtering in the sputtering step area 
22A and by the transforming in the transforming step 
area 22B. 

[0044] Sputtering units are disposed above and below 
the substrate holder 26 in the sputtering step area 22A. 
Each sputtering unit comprises a target 31. a sputter 
electrode 32, a sputter power supply 33, a sputter gas 
bottle 34, and a mass flow (controller) 35. When the 
substrate holder 26 ruiaies and tiie piasiic base mate- 
rial 11 comes between the upper and lower targets 31, 
the target substance emitted from the target 31 in the 
sputtering condition deposits on the both sides of the 
plastic base material 1 1 , thus forming thin films of the 
target substance on the both surfaces of the plastic 
base material 1 1 . At this time, sputtering gas such as 
argon gas is introduced from the sputter gas bottle 34 
via the mass flow 35 so as to regulate the sputtering 
atmosphere. 

[0045] In order to fabricate the aforementioned antire- 
f lection film 13 in the sputtering film deposition process 
in the vacuum processing chamber 22, the metal oxide 
ZrC>2 is deposited as the high-refractive film of the first 
layer and the metal oxide Si0 2 is deposited as the low- 
refractive film of the second layer based on the above- 
mentioned sputtering step and the transforming step 
described later Thereafter, the high-refractive films Zr0 2 
and the low-refractive films Si0 2 are formed alternately 
up to the tenth layer. In the sputtering step area 22A, 
metal which is the source of each metal oxide is depos- 
ited. In the first sputtering step for depositing the high- 
refractive film 1 31 of the first layer, the target made from 
zirconium Zr is prepared and Zr films are formed on the 
both sides of the plastic base material 10. In the sputter- 
ing step for depositing the low-refractive film 132 of the. 
second layer, the target is exchanged to the other target 
made from silicon Si and Si films are formed on the both 
sides of the plastic base material 10 after the sputtering. 



The antiref lection film 13 may be thus formed by lami- 
nating the high-refractive films and low- refractive films 
alternately by exchanging the target to the high-refrac- 
tive material or to the low-refractive material. It is noted 
5 that a mechanism for exchanging the targets is not 
shown in FIG. 2. 

[0046] In the transforming step area 22B, induction 
coupled plasma generating units are disposed above 
and below the substrate holder 26. The induction cou- 

w pled plasma generating unit comprises a high-fre- 
quency discharging chamber 41, a high-frequency coil 
42, a matching box 43, a high-frequency power supply 
44, a reactive gas bottle 45 and a mass flow 46. When 
the substrate holder 26 rotates and the plastic base 

is material 11 to be processed comes between the upper 
and lower induction coupled plasma generating units, 
the plastic base material 10 is exposed to plasma of 
oxygen introduced from the reactive gas bottle 45 via 
the mass flow 46 to oxidize the metal (Zr or Si) depos- 

20 ited in the sputtering step to transform into oxide (Zr0 2 
or Si0 2 ). 

[0047] As described above, the antiref lection films 13 
having the multi-layered structure composed of the 
Zr0 2 (high-refractive film) and Si0 2 (low-refractive film) 

25 films shown in FIG. 1 are formed on the both sides -of 
the plastic base material 10 by repeating the sputtering 
step and the transforming step while exchanging the 
targets on the both sides of the large numberxof plastic 
base materials 10 on the substrate holder 26; set to be 

50 freely rotatable within the vacuum preceding chamber 
22. 

[0048] It is noted that a shielding member 47 for sep- 
arating the sputtering step area 22 A from the transform- 
ing step area 22B is provided within the vacuum 
35 processing chamber 22. 

[0049] The following is one example as to conditions 
for forming the Zr0 2 film, i.e., the high-refractive film, in 
the sputtering step in the sputtering film deposition sys- 
tem: 

40 

(1) Sputtering Gas: Argon gas (Ar) is used and is 
supplied with a flow rate within the range of 380 to 

580 cc./min.; 

(2) Oxidizing Gas: oxygen gas (0 2 ) is supplied with 
45 a flow rate within the range of 46 to 60 cc./min; 

(3) Degree of Vacuum during Film Deposition: 8.7 x 
10* 3 Torr; 

(4) Sputtering Output: DC power is supplied within 
the range of 3.3 to 3.7 kW; 

so (5) Oxidization Gun Output: 0.4 kW of high-fre- 
quency (RF) electric power is supplied; and 
(6) Deposition Rate: 320 to 360 angstrom/min. 

[0050] The following is one example as to conditions 
55 for forming the Si0 2 film, i.e.. the low-refractive film, in 
the sputtering step in the sputtering film deposition sys- 
tem: 
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(1) Sputtering Gas: Argon gas (Ar) is used and is 
supplied with a flow rate within the range of 1 10 to 
I90cc./min; 

(2) Oxidizing Gas: Oxygen gas (0 2 ) is supplied with 
a flow rate within the range of 64 to 70 cc./min; 

(3) Degree of Vacuum during Film Deposition: 2.4 x 
10* 3 Torr; 

(4) Sputtering Output: DC power is supplied within 
the range of 5.1 to 5.3 kW; 

(5) Oxidization Gun output: 0.4 kW of high-fre- 
quency (RF) electric power is supplied; and 

(6) Deposition Rate: 340 to 380 angstrom/min. 

[0051] The following is the performance of the antire- 
f lection film 13 thus obtained on the spectacles plastic 
lens having such antireflection film in the initial period 
after its formation and the performance thereof after one 
month in constant temperature and humidity. 
[0052] As the performance of the film, its abrasion 
resistance, adhesion, alkali resistance, heat resistance, 
acid resistance, artificial perspiration resistance and 
interference color were measured and evaluated by the 
following methods: 

(1) Abrasion Resistance: A steel wool test was con- 
ducted. Under the test, the antireflection film was 
scrubbed by the steel wool #0000 and the degree of 
scratch was judged visually; 

(2) Adhesion: The surface of the plastic lens having 
. ihe antireneciion fiim was crosscut into 100 divi- 
sions at intervals of 1 mm and a cellophane tape 
was pasted strongly thereon. Then, it was peeled 
off rapidly to check whether or not the multi-layered 
antireflection film was peeled off; 

(3) Alkali Resistance: The plastic lens having the 
antireflection film was soaked into an aqueous solu- 
tion of 10 wt. % of NaOH for one hour to observe 
the state of erosion of the surface of the multi-lay- 
ered antireflection film; 

(4) Heat Resistance: The plastic lens having the 
antireflection film was heated by putting into an 
oven for one hour to check whether or not it causes 
cracks. The heating temperature was increased by 
5°C each from 70°C to discriminate the superiority 
by the temperature at which it causes cracks; 

(5) Acid Resistance: The plastic lens having the 
antireflection film was soaked into aqueous solu- 
tions of 10 wt. % of HCI and of 10 wt. % of H 2 SO c 
for one hour to observe the state of erosion of the 
surface of the multi-layered antireflection film; 

(6) Artificial Perspiration Resistance: The plastic 
lens having the antireflection film was soaked into 
perspiration artificially made at 20°C for 24 hours 
and containing NaCl. Na 2 S. NH 4 and lactic acid to 
observe the state of erosion of the surface of the 
multi-layered antireflection film; and 

(7) Interference Color: Reflected light of a fluores- 
cent lamp was observed visually. 



[0053] The following is the performance of the antire- 
flection film 13 in the initial period after its formation 
based on the foregoing measurement and evaluation: 

5 - (1) As for the abrasion resistance, there was no 
problem as almost no scratch was made; " 

(2) As for the adhesion, all of the 100 divisions did 
not peel; 

(3) As for the alkali resistance, there was no prob- 
to lem as almost no damage was given; 

(4) As for the heat resistance, cracks occurred at 
75°C; 

(5) As for the acid resistance, there was no problem 
as no change was seen; 

is (6) As for the artificial perspiration resistance, there 

was no problem as no change was seen; and 
(7) The interference color was green. 

[0054] The following is the performance of the antire- 
20 flection film 13 after one month in the environment of 
constant temperature and humidity based on the fore- 
going measurement and evaluation, 

(1) As for the abrasion resistance, there was no 
25 problem as almost no scratch was made; 

(2) As for the adhesion, all of the 100 divisions did 
not peel; 

(3) As for the alkali resistance, there was no prob- 
lem as almost no damage was given; 

-jo \4) As for ihe iieai resistance, cracks occurred al 
60°C; 

(5) As for the acid resistance, there was no problem 
as no change was seen; 

(6) As for the artificial perspiration resistance, there 
35 was no problem as no change was seen; and 

(7) As for the interference color, there was no prob- 
lem as no change was seen in the greenish interfer- 
ence color. 

40 [0055] FIG. 3 shows a measured example of a spec- 
tral reflectance curve of the antireflection film 13. As it is 
apparent from this spectral reflectance curve, the low 
reflectance has been achieved in a wide wavelength 
range of about 420 to 740 nm, i.e., the wide band antire- 

45 flection film has been realized. The reflectance is rela- 
tively high in the wavelength range of about 480 to 550 
nm in particular. 

[0056] Further, the above-mentioned antireflection 
film has the greenish interference color by setting its . 

so dominant wavelength range as 480 to 550 nm, excita- 
tion purity range as 10 to 30 % and luminous reflectance 
as 0 7 to 1.8 %. While luminous reflectance and chro- 
maticity are used in general in indicating a color of a 
reflecting object (the interference color of the antireflec- 

55 tion film on the surface of the lens in case of the present 
embodiment), dominant wavelength and excitation 
purity are used in monochromatically indicating the 
chromaticity. Here, the luminous reflectance is 
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expressed by the ratio of luminous flux reflected from an 
object to luminous flux incident on the object corre- 
sponds to the Y-value of the tristimulus values and is 
given by the following expression: 

5 

780 780 
R= J P, R, V > 6kl J P } V; dA. 
380 380 



where, R is the luminous reflectance, P } is spectral 
composition of incident light, V x is relative luminous effi- 
ciency and R> is spectra) reflectance. 
[0057] It becomes the criterion for judging how bright 
the light having the spectral composition P ; looks when is 
it enters a lens. 

[0058] The dominant wavelength and the excitation 
purity are both elements for indicating the chromaticity 
by monochromatic representation. The wavelength cor- 
responding to a point where a line connecting a point 20 
represented by chromaticity coordinates on a chroma- 
ticity diagram and a light source intersects with a spec- 
trum locus is called the dominant wavelength 
specifically 

[0059] The antiref lection film of the present embodi- 25 
ment having the spectral reflectance curve shown in 
FIG. 3 has had 508 nm of dominant wavelength. 22 % of 
excitation purity, 0.963 % of luminous reflectance and 
the greenish interference color. 

[0060] Although the method for forming Ihe ar.tireflec- so 
tion film by using the sputtering method has been 
explained above, the similar antiref lection film having 
the multi-layered structure may be fabricated by other 
methods such as a vacuum evaporation method and a 
CVD method. 35 
[0061 ] Further, although the antiref lection films having 
the multi-layered structure have been formed on the 
both sides of the base material of the spectacles plastic 
lens in the present embodiment, the antiref led ion film 
may be formed only one side in case of other plastic 40 
optical devices. 

[0062] Still more, although the first layer of the antire- 
f lection film 13 has been the high-refractive film 131 in 
the present embodiment, it needs not be the first layer 
strictly. For instance, another film may be present 45 
between the hard film 12 and the high-refractive film 
131 . Accordingly, it will do if the high-refractive film 131 
is substantially the first layer in the antiref lection film 13. 
This point will be detailed further in a second embodi- 
ment, so 
[0063] According to the plastic optical devices 
described above, the antiref lection film having the multi- 
layered structure is formed by depositing the high- 
refractive material as the first layer and the low-refrac- 
tive material as the second layer and by laminating the 55 
high-refractive materials and low-refractive materials 
alternately on the both sides of the plastic base material 
for example by using the sputtering method and the 
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thickness of the low-refractive material at the middle of 
the antireflection film is thickened relatively, so that the 
antireflection film having the highly evaluated film per- 
formance may be realized. Further, because the antire- 
flection film is formed as the wide band film, it can 
reduce the non-uniformity of interference color which is 
caused by the difference of distribution of thickness 
dependent on the curvature in the deposition by the 
sputtering method and the change in the interference 
color caused by oblique incidence, when the plastic 
base material has the curvature. Still more, it allows the 
greenish interference color to be obtained stably and 
the antireflection film which is excellent eye-physiologi- 
cally and aesthetically and highly valuable commercially 
to be fabricated. 

[0064] Next, the second embodiment will be explained 
with reference to FIGs. 4 and 5. In this present embodi- 
ment, the plastic optical devices is limited to be the 
spectacles plastic lens. The film structure formed on the 
surface of the plastic base material 10 is improved in 
order to prevent the occurrence of cracks. The elements 
in FIGs. 4 and 5 substantially identical with those ele- 
ments explained in FIG. 1 will be denoted by the same 
reference numerals and the repeated detailed explana- 
tion thereof will be omitted here. ^ 
[0065] In FIG. 4. the reference numeral (10) denotes 1 
a plastic base material, (11) a hard film, and (13) an 
antireflection film. The plastic base material 10, the hard' ' 
film 1 1 and the antireflection film 13 are the same ones : 
with those explained in the foregoing 3 —bedim en t. The 
antireflection film 13 is actually formed on the hard film 
11. More specifically, a super-thin film 12 of SiO( 2 . X ) ( x = : 
0, 1) is formed as a pre-treatment layer between the 
hard film 1 1 and the antireflection film 13. That is, the 
SiO{ 2 -x) super-thin film 12 is formed as the pre-treat-" 
ment layer when forming the antireflection film 13 hav^ 
ing the multi-layered structure on the plastic base 
material 10. The thickness of the super-thin film 12 is 
preferred to be included within the range from 15 to 50 
angstrom. Stress balance between the interface of the 
plastic base material 10 and the high-refractive film 131 
changes appropriately by providing the super-thin film 
12 as the pre-treatment layer. As a result, it becomes 
possible to prevent cracks from occurring oh the antire- 
flection film 13 caused by humidity and pressure and to 
keep the appearance as the spectacles plastic lens 
well. Further, the adhesion between the antireflection 
film 13 and the plastic base material 10 may be kept 
high naturally. It is noted that there arises a problem that 
the adhesion drops when the thickness of the super-thin 
film 12 exceeds 50 angstrom. 

[0066] Next, the antireflection film (A) having the 
above-mentioned structure will be compared with two 
antireflection films (B) and (C) having other structures 
with reference to FIG. 5. The antireflection film 13 hav- 
ing the multi-layered structure in FIG. 5(A) comprises 
ten layers of high -refractive films and low-refractive 
films. Numerals 1 through 10 at the left edge of thefig- 
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ure of the antiref lection film 13 indicate the layer Nos. 
The thickness of the respective layers from the high- 
refractive film of the first layer to the low -refractive film of 
the tenth layer are 0.08 >. . 0. 1 2 X. 0. 1 9 X. 0. 1 1 X. 0. 1 1 X. 
0.49 0.1 1 X. 0.05 X, 0.29 X and 0.26 X as described in 
the figure. These thicknesses are included within the 
aforementioned ranges of thickness of the respective 
layers. The above-mentioned structure of the antireflec- 
tion film 13 is the same also in the antiref lection films in 
FIGs. 5(B) and(C). . .. . 

[0067] In the arrangement in FIG. 5(A), the antireflec- 
tion film 13 is formed on the plastic base material 10 on 
whose surface the hard film 1 1 is coated via the SiO( 2 - X ) 
super-thin film 12 having the thickness of 15 angstrom. 
That is. the SiO{ 2 . X ) super-thin film 12 is formed as the 
pre-treatment film. It is noted that the upper side of the 
low-refractive film of the tenth layer is atmosphere. 
[0068] In the arrangement in FIG. 5(B), an SiO( 2 . X ) 
super-thin film 1 2a is formed in the same manner as the 
pre-treatment film between the antiref lection film 13 and 
the plastic base material 10 on whose surface. the hard 
film 11 is coated. However, the thickness of the super- 
thin film 12a is 80 angstrom, which is greater than 50 
angstrom and is not included within the aforementioned 
range. 

[0069] In the arrangement in FIG. 5(C).- no SiO {2 _ x) 
super-thin film is formed between the anti reflection film 
13 and the plastic base material 10 on whose surface 
the hard film 11 is coated. That is, no pre-treatment by 
means of the above-mentioned super-thin iiim is imple- 
mented. The antireflection film 13 is formed directly on 
the plastic base material 1 0 on which the hard film 1 1 is 
coated. 

[0070] Next, the comparison result of the film perform- 
ance of the respective spectacles plastic lenses having 
the structures shown in FIGs. 5(A), 5(B) and 5(C) will be 
explained. In this comparison, the spectacles plastic 
lenses having the respective structures shown in FIGs. 
5(A), 5(B) and 5(C). were fabricated, were fitted into 
spectacles frames and were left for 24 hours within a 
constant temperature and humidity furnace at 90 % of 
humidity and 40°C of temperature. Then, the adhesion 
of the antireflection film and the appearance (whether or 
not cracks have occurred) of the spectacles plastic 
lenses were checked. It is noted that the "adhesion" was 
evaluated by crosscutting the surface of the spectacles 
plastic lens with the antireflection film into 100 divisions 
at intervals of 1 mm, pasting cellophane tape strongly, 
and then peeling it off rapidly to check whether or not 
the antireflection film is peeled off. - . 
[0071] . As a result, the adhesion was 100/100. no 
peeling was seen and the appearance did not change in 
the spectacles plastic, lens having the structure shown 
in FIG. 5(A). In the spectacles plastic lens having the 
structure shown in FIG. 5(B), the adhesion was 0/100, 
all of the antireflection films were peeled and the per- 
formance was extremely bad. However, the appearance 
did not change. In the spectacles plastic lens having the 



structure shown in FIG. 5(C). although the adhesion 
was 100/100 and was good, it caused a problem as for 
the appearance that cracks occur from the edge portion 
of the lens. 

5 [0072] As it is apparent from the above comparison, 
the antireflection film 13 having the super-thin film 12 
coated as the pre-treatment film on the spectacles plas- 
tic lens (the plastic base material 10) had the high per- 
formance in terms of the adhesion and appearance. In 

ic addition to that; the antireflection film 13 exhibits the 
excellent performance also in terms of the abrasion 
resistance, alkali resistance, heat resistance, acid 
resistance and artificial perspiration resistance. This 
antireflection film also achieves the low reflectance in a 

is wide wavelength range of about 420 to 740 nm in the 
spectral reflectance curve, thus realizing the wide band 
antireflection film. The reflectance is relatively high in 
the wavelength range of about 480 to 550 nm in partic- 
ular. Further, the above-mentioned super-thin film and 

20 the -antireflection film present the greenish interference 
color by setting the dominant wavelength to be 480 to 
550 nm, the excitation purity to be 10 to 30 % and the 
luminous reflectance to be 0.7 to 1 .8 %. 
[0073] According to the spectacles plastic lens 

25 described above, because the SiO (2 - X ) super-thin film 
12 is formed as the pre-treatment layer when forming 
the multi-layered antireflection film whose first layer is 
the high-refractive film, it is possible to prevent cracks 
from occurring and to improve the appearance as the 

5iy spectacles plastic iens. It is also possible io obiain the 
greenish interference color stably by the super-thin film 
and others and to fabricate the spectacles plastic lens 
which is excellent eye-physiologically and aesthetically 
and highly valuable commercially. 

35 [0074] Next, a third embodiment will be explained with 
reference to FIGs. 6 through 10. In the present embodi- 
ment, a mechanism for enhancing the uniformity of the 
thickness of the thin films formed on the both sides of 
the plastic base material 10 is added in the arrangement 

40 of-" the second sputtering film deposition system 
described above. The elements in FIG. 6 substantially 
the same with those elements explained in FIG. 2 will be 
denoted by the same reference numerals and their 
detailed repeated explanation will be omitted here. It is 

45 noted that the material of the base material 1 0 is not lim- 
ited to plastic and may be glass for example. 
[0075] The plastic base material 10 is the base mate- 
rial of the spectacles plastic lens having a meniscus, 
shape. The antireflection :film is deposited on the both 

so sides of the plastic base material 10 as the spectacles 
plastic lens. The antireflection. film is the multi-layered 
film in which the high -refractive films (e.g., Zr0 2 ) and 
the low-refractive films (e.g., SiO^ are laminated alter- 
nately as described before. Because the plastic base 

55 material 10 is an spectacles plastic lens, the both sides 
thereof have curvature. In concrete, one surface of the 
plastic base. material 10 is a concave surface and the 
other surface is a convex surface. The plastic base 
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material 10 is set horizontally in the substrate holder 26. 
In this state, normally the plastic base material 10 is set 
while facing the concave surface up and the convex sur- 
face down. 

[0076] The structure and operation of the sputtering 5 
film deposition system are the same as described 
before. The structure specific to the sputtering film dep- 
osition system shown in FIG. 6 is that a thickness cor- 
recting mechanism is provided within the sputtering 
step area 22A of the vacuum processing chamber 22. io 
[0077] The thickness correcting mechanism com- 
prises thickness correcting plates 51 and 52 disposed 
between the respective targets 31 and the substrate 
holder 26 in the sputtering step area 22A. It is noted that 
in FIG. 6, structures for supporting the thickness cor- 75 
reeling plates 51 and 52 are not shown. An arbitrary 
structure may be adopted for the supporting structure 
by utilizing the empty space. Functionally, the thickness 
correcting plates 51 and 52 are mask members for cov- 
ering the plastic base material 1 0 which has come to the 20 
position facing to the center part of the target 31 by the 
rotating operation of the substrate holder 26 by a desir- 
able shape (covering pattern). Sputtering particles from 
the target 31 may be shielded partly, the thickness of the 
thin film deposited on the surface of the respective plas- 25 
tic base materials 1 0 may be corrected and the thick- 
ness of the film on the surface may be equalized by 
covering the several plastic base materials 10 by the 
thickness correcting plates which function as the mask 
members having iwe desirable covering pattern. co 
[0078] The thickness correcting plate will be explained 
in detail below with reference to FIGs. 7 through 9. FIG. 
7 is an enlarged view showing the disposition of the 
plastic base materials 10 set on the substrate holder 26 
and the relationship between the upper and lower tar- 35 
gets 31 and the thickness correcting plates 51 and 52 
more concretely, FIG. 8 shows one example of the pla- 
nar shape of the thickness correcting plate 51 and FIG. 

9 shows one example of the planar shape of the thick- 
ness correcting plate 52. 40 
[0079] In FIG. 7, the direction indicated by an arrow 53 

is the direction toward the center of rotation of the sub- 
strate holder 26, d1 is a distance between the substrate 
holder 26 and the lower target 31 and d2 is a distance 
between the plastic base material 10 and the lower tar- 45 
get 31 . As it is apparent from the figure, the plastic base 
materials 10 are disposed on the base material holding 
holes 26a created through the substrate holder 26 via 
fittings 54 while facing the concave surface up and fac- 
ing the convex surface down. The disposition of the so 
plastic base material 10 is set so that the lowermost 
point of the convex surface of the plastic base material 

10 comes to the position almost at the middle between 
the upper and lower targets 31. and thereby, the posi- 
tion of the substrate holder 26 is determined. Accord- 55 
ingly, the above-mentioned distance d2 is set between 

the lower target 31 and the lowermost point of the lower 
face of the plastic base material 10. Further, the dis- 



tance d1 between the substrate holder 26 and the lower 
target 31 is slightly greater than the distance between 
the substrate holder 26 and the upper target 31. 
[0080] The plurality of plastic base materials 10 are 
disposed on concentric circles 55, 56 and 57 in the sub- 
strate holder 26 as shown in FIG. 8. The three concen- 
tric circles are utilized in the present embodiment. 
Further, as it is apparent from FIGs. 8 and 9, the planar 
shape of the upper and lower targets 31 preferably have 
a trapezoidal shape having a short edge at the center 
side and a long edge at the peripheral side. 
[0081] The above-mentioned thickness correcting 
plate 51 having the planar shape as shown in FIG. 8 is 
disposed between the upper target 31 and the plurality 
of plastic base materials 10 set on the substrate holder 
26 in the arrangement as described above. The thick- 
ness correcting plate 51 is disposed so that its longitudi- 
nal direction is oriented to the direction (the radial 
direction) of a straight line connecting the center part 
and the peripheral part in the substrate holder 26. In the 
thickness correcting plate 51, preferably, length in the 
circumferential direction of devices corresponding to the 
concentric circles 55-57 (where the plastic base materi- 
als are disposed or present) is longer than length in the 
circumferential direction of the other devices, and furv.- 
ther the length of the devices corresponding to the con-r : 
centric circles 55-57 in the thickness correcting plate 51 'n 
is set so as to become small gradually from the periph--: 
eral part to the center part. Thereby, a predetermined?, 
range of the upper faces (concave surfaces) of the p!as- . 
tic base materials 10 which have come to the position 
facing almost to the center part of the upper target 31 by 
the rotatable substrate holder 26 are covered by the . 
thickness correcting plate 51 . As a result, the thickness 
of the thin film deposited on the upper faces (concave^; 
surfaces) of the plastic base materials 10 are equalized,-- 
because they are corrected by the masking action of the 
thickness correcting plate 51 . It is noted that the planar 
shape of the thickness correcting plate 51 is not limited 
only to that shown in FIG. 8. • 

[0082] Similarly, the above-mentioned thickness cor- 
recting plate 52 having the planar shape as shown in 
FIG. 9 is disposed between the lower target 31 and the 
plurality of plastic base materials 10 the substrate 
holder 26. The thickness correcting plate 52 is disposed 
so that its longitudinal direction is oriented to in the 
direction (the radial direction) of a straight line connect- 
ing the center part and the peripheral part in the sub- 
strate holder 26, and preferably, length in the 
circumferential direction of parts corresponding to the 
intermediate portions of the concentric circles 55-57 
(boundaries between the plastic base materials) is 
longer than length in the circumferential direction of the 
other parts. Thereby, a predetermined range of the 
lower faces (convex surfaces) of the plastic base mate- 
rials 10 which have come to the position facing almost to 
the center part of the lower target 31 by the rotatable 
substrate holder 26 are covered by the thickness cor- 
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recting plate 52. As a result, the thickness of the thin film 
deposited on the lower faces (convex surfaces) of the 
plastic base materials 10 are equalized, because they 
are corrected by the masking action of the thickness 
correcting plate 52. It is noted that the planar shape of 5 
the thickness correcting plate 52 is not limited only to 
that shown in FIG. 9. 

[0083] In another point of view, the thickness correct- 
ing plates 51 and 52 function as the mask members 
having the following actions. That is, the target 31 hav- io 
ing the trapezoidal shape is normally provided with a 
peculiar magnet structure (not shown) and creates an 
non-erosion part 58 similar to the shape of isosceles tri- 
angle at the center part of the target according to the 
film deposition action based on the sputtering. When 15 
such non-erosion part 58 exists on the target 31, abnor- 
mal discharge is liable to occur due to reaction products 
deposited on the target surface in the non-erosion part 
58. As a result, the reaction products fly as particles 
from the non-erosion part 58 and arrive and adhere on 20 
the surface of the plastic base material 10. However, 
because the thickness correcting plates 51 and 52 are 
disposed between the substrate holder 26 and the 
upper and lower targets 31 as described above in the 
above-mentioned sputtering film deposition system so^ 25 
that the thickness: correcting : plates cover 4he plastic 
base materials 10 facing, to the. targets;, they interfere, 
the particles, flying from the non-erosion: part 58 and" • 
prevent the particles from arriving to the surfaces of the 
piastic base materials 10. 30 
[0084] The above-mentioned thickness correcting 
mechanism allows the thickness of the thin film on the :. 
surface of the:opticaLlens base material to be equalized, - .-. * 
and the favorable distribution of thickness to be realized:- - 
in depositing:the thin films on the both sides or on one. " 35 
side of the optical lens base material by the sputtering 
film deposition system by using the sputtering method. 
Further, the thickness correcting plates allow the parti- 
cles flying from the non-erosion portion of the targets to 
be interfered. 40 

Industrial Applicability 

[0085] The present invention is suitable for coating the 
antireflection film having the highly evaluated film per- 45 
formance on the plastic optical devices. The antireflec- 
tion film is formed as a wide band film and reduces the 
non-uniformity of interference color caused by the differ- 
ence of distribution of thickness and the change in the 
interference color caused by obJique incidence when so 
the plastic base material has curvature. The present 
invention allows the greenish interference color to be 
obtained stably and the antireflection film which is excel- 
lent eye-physiologically and aesthetically and is highly 
valuable commercially to be fabricated. In case of the 55 
spectacles plastic lens, the super-thin film of SiO {2 . X ) 
prevents cracks from occurring on the antireflection film 
as the pre-treatment layer. The thickness correcting 



plates of the thickness correcting mechanism equalize 
the thickness of the thin film deposited on the surface of 
the plastic base material by the sputtering method. 

Claims 

1 . Plastic optical devices in which an antireflection flm 
(13) is coated at least on one surface of a plastic 
base material (10), characterized in that said antire- 
flection film (13) is a multi-layered film which is 
formed by depositing a first layer (131) on the side 
of said plastic base material substantially by a high- 
refractive material and the next layer (132) by a low- 
refractive material ,and by alternately laminating 
those high-refractive materials and low-refractive 
materials, whose dominant wavelength range is 
480 to 550 nm, excitation purity range is 10 to 30 % 
and luminous reflectance is 0.7 to 1 .8 %, and which 
has a greenish interference color. 

2. Plastic optical devices in which an antireflection fflm 
(13) is coated at least on one surface of a plastic 
base material (10), characterized in that: 

said antireflection film (13) is a multi-layered 
film which is formed by -depositing a first layer 
(131) on the side of said plastic base material 
substantially by a high -refractive material and 
the next layer (132) by a low-refractive material 
and oy aiternaieiy laminating those high-reirac- 
tive materials and low- refractive materials; and 
the thickness . of said, low-refractive, material, 
positioned- in the intermediate* area ; of said 
multi-layered film is relatively thickened: so that 
required hardness . and durability can be 
obtained. 

3. The plastic optical devices having the antireflection 
film according to Claim 1 or 2, characterized in that 
said high-refractive material is metal oxide depos- 
ited by a sputtering method by using a target made 
from any one of Zr, Ti and Ta or from alloys of two 
or more of those and said lew- refractive material is 
metal oxide deposited by the sputtering method by 
using a target of Si. 

4. The plastic optical devices having the antireflection 
film according to Claim 3, characterized in that said 
target of said high-refractive material contains Si. 

5. The plastic optical devices having the antireflection 
film according to Claim 3. characterized in that a 
target of Si is provided beside said target of said 
high-refractive material when depositing said high- 
refractive material in order to deposit said high- 
refractive material as a mixed film by sputtering said 
two kinds of targets in the same time. 



12 



23 



EP 0 928 977 A1 



24 



5. The plastic optical devices having the antireflection 
film according to any one of Claims 1 ^. character- 
ized in that the total thickness of said antireflection 
film is included within the range of 4800 to 5800 
angstrom and the total thickness of said low-refrac- 5 
tive materials therein is 3500 angstrom or more. 

7. The plastic optical devices having the antireflection 
film according to any one of Claims 1 -3, character- 
ized in that when said plastic base material has cur- 10 
vature, said antireflection film is formed as a wide 
band film to reduce non-uniformity of interference 
color caused by a difference of distribution of thick- 
ness dependent on the curvature in depositing the 
film by the sputtering method and change of inter- 75 
ference color caused by oblique incidence. 

J. The plastic optical devices having the antireflection 
film according to any one of Claims 1-3, 7, charac- 
terized in that said plastic base material is a base 20 
material of an spectacles plastic lens and said 
antireflection film is formed on the both sides of said 
plastic base material. 

>. The plastic optical devices having the antireflection 25 
film according to any one of Claims 1-3, character- 
ized in that said antireflection film is composed of 
ten layers and the thickness of said low- refractive 
materia! at the sixth layer (136) positioned at the 
iVjidulc; is increased. 50 

0. An spectacles plastic lens having an antireflection 
film in which said antireflection film (13) is coated 
on a plastic base material ( 1 0) by using a sputtering 
method, characterized in that: 35 

said antireflection film (13) is a multi-layered 
film which is formed by depositing a first layer 

(131) on the side of said plastic base material 

by a high-refractive material and the next layer 40 

(132) by a low-refractive material and by alter- 
nately laminating those high-refractive materi- 
als and low-refractive materials; and 

a super-thin film (12) of SiO( 2 . X ) is deposited as 

a pre-treatment layer on said plastic base 45 

material. 

1 . The spectacles plastic lens having the antireflection 
film according to Claim 10, characterized in that the 
thickness of said super-thin film (12) is within the so 
range of 15 to 50 angstrom. 

2. The spectacles plastic lens having the antireflection 
film according to Claim 10 or 11. characterized in 
that said high-refractive material is metai oxide 55 
deposited by a sputtering method by using a target 
made from any one of Zr, Ti and Ta or from alloys of 
two or more of those and said low- refractive mate- 



rial is metal oxide deposited by the sputtering 
method by using a target of Si. 

13. The spectacles plastic lens having the antireflection 
film according to Claim 12, characterized in that 
said target of said high-refractive material contains 

Si. 

14. The spectacles plastic lens having the antireflection 
film according to Claim 12, characterized in that a 
target of Si is provided beside said target of said 
high-refractive material when depositing said high- 
refractive material in order to deposit said high- 
refractive material as a mixed film by sputtering said 
two kinds of targets in the same time. 

15. The spectacles plastic lens having the antireflection 
film according to any one of Claims 10-12, charac- 
terized in that said antireflection film is composed of 
ten layers and the thickness of said low-refractive 
material at the sixth layer (136) positioned at the 
middle is increased. 

16. A thickness correcting mechanism for sputtering 
film deposition, used in a film deposrtion'system for 
depositing a thin film on the surface of an optical 
lens base material (10) by a sputtering' method, 
characterized in that it comprises thickness correct- 
ing plates for correcting the difference of thickness 
of ociid thin film. 

17. The thickness correcting mechanism for sputtering 
film deposition according to Claim 16, character- 
ized in that: 

the surface of said optical lens base material 
(10) has curvature and a plurality of said optical 
lens base materials (10) are disposed horizon- 
tally at the positions of concentric circles in a 
circular plate holder (26) which is placed hori- 
zontally and is rotatable; 
said film deposition system comprises targets 
(31) facing to the surfaces of said optical lens 
base materials (10): and 

said thickness correcting plates are mask 
members (51, 52) for regulating the difference 
of film thickness, which are disposed in the 
direction connecting the peripheral part and the 
center part in said holder, and between said 
targets (31) and said holder (26). 

18. The thickness correcting mechanism for sputtering 
film deposition according to Claim 17, character- 
ized in that: 

said targets (31) are composed of upper and 
lower targets facing respectively to the both 
sides of said optical lens base material (10); 



13 



25 EPQ928 977A1 26 

and 

said mask members are composed of the mask 
member (51) for a concave surface disposed 
between said upper target (31) and said holder 
(26) and the mask member (52) for a convex 5 
surface disposed between said lower target 
(31) and said holder (26). 

1 9. The thickness correcting mechanism for sputtering 
film deposition according to Claim 18, character- io 
ized in that in said mask member (51) for the con- 
cave surface, the size in the circumferential 
direction of the parts corresponding to the positions 
where said optical iens base materials exist is 
greater than the size in the circumferential direction 75 
of the other parts, and that in the mask member 
(52) for the convex surface, the size in the circum- 
ferential direction of the parts corresponding to the 
positions where boundaries between said optical 

lens base materials exist is greater than the size in 20 ' 
the circumferential direction of the other parts. 

20. The thickness correcting mechanism for sputtering 
according any one of to Claims 17-19, character- 
ized in that said mask members (51, 52) interfere 25 
particles flying from non-erosion portions created in 
said targets (31). 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons: 
1 Q Claims Nos .: 

because they relaie to subject matter not required to be searched by this Authority, namely: 



2. 



aims N«jb.: 



because they relate to parts ot the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



[ ] Claims Nos.: 

because they are dependent daims and are not drafted in 



dance with the second and third sentences of Rule 6.4<a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

1. Claims 1 through 9 disclose a plastic optical component with a 
reflection prevention film applied to the plastic substrate, characterized 
by main technical features that the reflection prevention film is a 
multi-layer film and that the reflection prevention film has its properties 
defined, such as excitation purity range and luminous reflectance and also 
has an interference color of green. 

2. Claims 10 through 15 disclose eyeglass plastic lenses coated with 
a multi-layer reflection prevention film, characterized by main technical 
features that an ultrathin film of SiO,,.,, is formed in a preprocessing prior 
to forming the reflection prevention film over the plastic substrate of the 

1. | x [ As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable daims. 

2. | | As all searchable claims could be searched without effort justifying on additional fee, this Authority did not invite payment 

of any additional fee. 

3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically daims Nos.: 



4. | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the daims; it is covered by claims Nos.: 



Remark on Protest | x ] The additional search fees were accompanied by the applicant's protest. 

^ | No protest accompanied the payment ot" additional search fees. 
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eyeglass plastic lens. 

3. Claims 16 through 20 disclose forming a thin film over the surface 
of the lens system by sputtering, characterized by technical features that, 
the film making apparatus structure has a film thickness correction plate 
to correct the thickness variations of the thin film. 

Because it was determined that the above three groups (1, 2, 3) of claims 
do not have a common technical feature and do not satisfy the requirement 
of unity of invention, an order for paying additional charge was sent to 
the applicant. 

The applicant, however, lodged an objection against the order, and the 
international survey organization admitted that the above item 1 and 2 meet 
the requirement of unity of invention. Hence, a part of the additional charge 
was returned and it was finally determined that this application has two 
inventions . 
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